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CHAPTU  I 


iimoDUcnoH 

Th«  Lnfrarad  apaetnaa  of  nolaeulas  la  Invastlgatad  in  ordar  that 
tha  phjralelat  aajr  laarn  «oia  about  Intraaolaenlar  and  intanolaeular 
foreaa.  Tha  flrat  InTolvaa  propartiaa  of  tha  laolatad  nolaeula  whlla 
tha  lattar  Involvaa  thoaa  propartiaa  which  give  risa  to  tha  spaetral 
line  braadth.  Tha  apactral  lina  ahapa  ia  alao  a  property  of  tha  long 
and  abort  range  foreaa,  tha  patha,  and  tha  valoeitiaa  of  aolaenlaa 
colliding  with  one  anothar.  Tha  purpoaa  of  thia  work  ia  to  atudy  ona' 
of  tha  propartiaa  of  apactral  lina  ahapaa,  naaaly  ,  a  quantity  dafinad 
on  page  20. 

Ona  obaarwaa  axpariaantally  that  apactral  linaa  ara  not  aharp  but 
have  a  apread  or  braadth  about  a  contra!  point  or  lina  cantor.  Thia 
apread  dapanda  on  varioua  parawatara,  including  the  praaauca  of  the 
abaorbing  gaa.  In  tha  praaaura  range  in  thia  atudy,  thia  apraad  waa 
found  to  bo  approxiaataly  proportional  to  tha  praaaura,  or  aquivalant, 
to  tha  colliaion  rata.  It  haa  boon  found  conaaniant  to  writa  an  axpraa- 
aion  for  tha  apactral  lina  in  taraa  of  tha  abaorption  coaffieiant,  a, 

which  ia  ralatad  to  tha  fractional  tranaaiaaion,  T.  by  tha  axpraaaion 

_  **aL 

T  ■  a 

whara  L  ia  tha  path  langth.  It  haa  alao  bean  found  that  tha  apactral 
lina  ahapa  nay  than  ba  rapraaantad  by  tha  Loranta  axpraaaion 


1 


2 


.  ao  (aV>)^ 

Tini^^7~r7r?ii2 

th«  paraMtars  ot  which  will  ba  fully  daaerlbad  latar.  It  la  auffleiant 
for  continuity  to  point  out  that  tha  absorption  ooafflclant,  and  thus 
ths  apaetral  llna  shapa,  has  a  fundamantal  dapandanos  upon  fraquancy. 

Tha  sourcaa  of  spectral  llna  broadening  are: 

1.  natural  Broadening.  This  type  of  broadening  Is  always  present 
and  dapends  on  tha  Internal  structure  of  the  molecule.  It  may  be  Inter¬ 
preted  classically  as  due  to  radiation  damping,  or  quantua-Mchanlcally 
as  dua  to  the  Heisenberg  Uncertainty  Principle.  A  limitation  to  tha 
time  a  molecule  spends  In  an  energy  level  results  In  an  uncertainty  of 
that  level,  which  In  turn  results  In  an  uncertainty  In  frequency  absorbed. 
Since  the  average  lifetime  Is  largp,  the  uncertainty  In  the  energy  Is 
small,  and  thus  the  line  breadth  Is  small.  Natural  broadening  Is  negli¬ 
gible  compared  with  the  wldtn  due  to  other  causes. 

2.  Doppler  Broadening.  Broadening  of  this  sort  occurs  when  a 
molacule  has  a  velocity  component  parallel  to  the  direction  of  propa¬ 
gation  of  tha  radiation  being  absorbed.  The  molecules  of  the  gas  being 
Investigated  have  a  Maxwellian  distribution  of  velocities,  and  thus  tha 
breadth  will  vary  with  tha  square  root  of  the  temperature  divided  by 
tha  molecular  weight.  For  the  pressures  used  In  this  work,  the  Doppler 
effect  Is  completely  masked  by  pressure  broadening. 

3.  Pressure  Broadening.  Disturbances  due  to  Interactions  be¬ 
tween  molecules  are  the  cause  of  pressure  broadening.  It  la  somstimes 
called  collision  broadening  when  ths  collision  time  Is  short  eomparad 
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with  th«  tlM  b«tM«n  collUloM  and  tha  aolaeulaa  Involvad  ara  auf- 
flelantljr  far  from  othar  molaeulaa  to  ba  eonaidarad  aa  fraa.  In  thla 
caaa,  tha  eolllalon  may  ba  eonaidarad  aa  binary.  Praaaura  broadanlng 
la  tba  main  eauaa  of  broadanlng  In  tha  praaaura  ranga  In  thla  atudy. 

4.  Statlatlcal  Broadanlng.  Thla  typa  of  broadanlng  la  actually 
praaaura  broadanlng  whara  tha  praaauraa  ara  high  anough  that  molaeulaa 
may  not  ha  eonaidarad  fraa.  At  high  praaauraa,  tha  molaeulaa  ara  alwaya 
undar  tha  Influanca  of  Intarmolacular  Intaractlona,  avan  though  thaaa 
may  ha  uaak,  and  tha  fraquancy  abaorbad  dapanda  on  tha  amount  of  Intar- 
action  occurring  whan  abaorptlon  occura.  Tha  tarm  atatlatlcal  broadan¬ 
lng  la  not  applied  to  tha  ranga  of  praaauraa  uaad  In  thla  axparlmant. 

5.  Inatrumantal  Broadanlng.  Inatnimantal  broadanlng  haa  nothing 
to  do  with  molecular  Intaractlona,  but  la  due  entirely  to  the  finite 
width  of  allta,  Imparfactlona  In  the  optica  of  the  apactromatar,  and 

tha  diffraction  pattarna  of  the  optica.  Thla  laada  to  a  dlacrapancy 
between  the  meaaurad  ahape  of  a  line  and  Ita  true  ehapa.  The  maaeurad 
line  appeara  to  be  more  Intanae  In  the  wlnga  and  laaa  Intanaa  In  tha 
canter  than  the  true  line.  Ona  may  correct  for  thla  effect  by  uaing 
a  method  developed  at  The  Unlveralty  of  Tennaeaae.  Thla  correction  la 
naceaaary  only  at  low  preaaurea. 

6.  Temperature.  Temparaturaa  play  an  Important  role  In  the 
ehapa  of  spectral  llnaa.  A  change  In  temperature  will  affect  moat  of 
tha  typaa  of  broadanlng  mentioned  above.  Thla  work  waa  perfotvMd  at  a 
conatant  tamparatura  (100*C),  and  thua  no  change  waa  obaarvad  or  ax- 
pa  ctad. 
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In  th«  contlntMd  ftudjr  of  opoetrol  11m  shapoo  bolng  parfonad 
at  tha  Phjralea  Dapartaant  at  Tha  Unlvarslty  of  TanMaaaa,  it  waa  daalrad 
to  atudy  llMa  that  would  raadily  ylald  Inforaatlon.  Thaaa  llMa  ahould 
ba  Intanaa  and  far  apart.  Tha  llMa  ahould  ba  Intanaa  In  ordar  that  tha 
llMa  ba  fairly  aharp  at  low  praaauraa  and  far  anough  apart  to  pravant 
too  wuch  contribution  from  adjaoant  IImo  for  tha  praaauraa,  tavparatura, 
and  path  langtha  uaad.  Invaatlgatora  at  Tha  Unlvaralty  of  ThnMaaaa 
hava  found  that  hydrogan  fluorida  (HF)  la  Idaally  aultad  to  fit  thaaa 
raqulramanta .  It  alao  haa  tha  addad  advantaga  of  balng  a  diatomic  aola- 
cula  which  alapllflaa  thaoratlcal  calculatlona .  Howavar,  HP  haa  many 
undaalrabla  chamlcal  propartiaa.  It  la  vary  raactlva  at  STP,  and  thara 
ara  atrongly  abaorblng  apactral  llMa  dM  to  watar  vapor  In  tha  raglon 
of  tha  apactruB  In  which  HP  waa  Invaatlgatad .  Howavar,  tachnlquaa  and 
aqulpaant  hava  baan  davalopad  In  tha  Phyalca  DapartMnt  of  Tha  Dnlvar- 
alty  of  TanMaMO  and  at  tha  Oak  Rldga  Gaaaona  Dlffualon  Plant  which 
paralt  tha  atudy  of  HF. 

Tha  Infrarad  apactrua  of  hydrogan  fluorida  haa  baan  axtanalvaly 
axaalMd  at  Tha  Unlvaralty  of  IhnMaaaa  and  at  tha  Oak  Rldga  Gaaaoua 
Dlffualon  Plant.  Tha  work  up  to  1956  waa  wall  daacrlbad  by  Kulpara  (1). 
Slnca  than  Kulpara  (1),  Salth  (2),  and  othara  hava  ahown  that  HP  aay 
ba  raadlly  handlad.  Hargat  at  al.  (3)  aaaaurad  tha  11m  poaltlona  and 
dataralMd  tha  11m  ahapaa  of  many  of  tha  IImb  In  tha  fundaaantal 
band.  Thay  alao  dataralMd  many  of  tha  11m  poaltlona  In  tha  flrat 
ovartoM.  Tha  af facta  of  polyaar  abaorptlon  and  foralgn  gaa  broaden¬ 
ing  wara  atudlad  by  D.  F.  Salth  (2).  Tha  11m  poaltlona  of  many  of  tha 
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pur«  rotational  llnaa  uaro  datamlnad  by  Maaon  (4). 

Bargat  at  al.  fotmd  that  tha  Loranta  axpraaalon  for  tha  ahapa 
of  a  praaaura  broadanad  llna  waa  found  to  fit  tha  trua  lino  ahapa  qulta 
Holl  If  tha  povar  of  tha  dlatanoa  froa  tha  llna  oantar  waa  allowad 
to  vary.  Ha  found  that  tha  powar  varlad  fm  an  avaraga  of  1.85  for 
wlda  llnaa  to  an  avaraga  valua  of  2.0  for  narrow  llnaa.  Ha  alao  eon- 
eludad  that  tha  ehanga  of  did  not  dapand  upon  praaaura  but  appaarad 
to  dapand  upon  tha  half -abaorpt  Ion  ha  If -width  which  la  tha  dla¬ 

tanoa  In  wava  ntaibara.  froa  llna  oantar  (ca**^)  to  %fhara  tha  par  oant 
abaorptlon  la  ona-half  tha  aaxiaua  par  oant  abaorptlon.  Tha  ala  of 
thla  Invaatlgatlon  waa  to  dataralna  whara  thla  ehanga  of  takaa  plaoa 
for  a  apaelfle  llna.  K  (4).  for  varloua  cT  f  . 


CRAPTBR  II 


BXPBRIMENTAL  ISTAItS 

I.  TRB  SPBCTROHBTBR 

Th*  high  naolutim,  vaeuun-grat ing  apaetroMtar  at  Tha  Unlvar- 
aity  of  Thnnaaaaa  haa  baan  daaerlbad  adaquataljr  by  Harndon  and  Mialaan 
(3).  Varlona  aodlf icatlona  and  addltiona  to  tha  apactroaatar,  which 
hava  laiprovad  tha  raaolution  and  thua  incraaaad  tha  uaafulnaaa  of  tha 
apactroaMtar,  hava  baan  daaeribad  by  Hargat  at  (3)«  Tha  following 
aquipaant  waa  uaad  to  obtain  tha  data  for  tha  thaaiat 

A  Banach  and  Loaib  grating  (6.5  in.  x  8.75  in.)  with  15,240  linaa 
rulad  par  inch,  naad  in  firat  ordar, 

A  ganaanixB  band  paaa  filtar  paaaing  about  80  par  cant  of  tha 
radiation  batwaan  2.0^  and  2,8  ji,  aubatitutad  for  tba  priam  nono- 
chroaator , 

An  BaatiMn  Kodak  uncoolad  Bfctron  load  aulfida  datactor,  oparat- 
ing  into  a  13  cpa  Parkin^Blaar  choppar-aaplif iar  ayataa, 

A  Kinnay  pump  to  avaenata  tba  tank,  houaing  tba  apactroaatar, 
to  a  praaaura  of  about  40^,  and 

Varioua  bafflaa  introducad  to  ainiaiiaa  atray  light. 

Undar  thaaa  conditiona,  tha  apactroaatar  ia  aaaily  capabla  of  raaolwing 
linaa  aaparatad  by  0.1  cai**^  at  4000  eai*^. 
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II.  TS  ABSORPTIOM  CBU. 

TtM  Absorption  ooll  nsod  In  thli  work  wia  9.78  oi  In  longth  and 
ms  eonstruetod  of  braaa.  Tha  window  holdar  la  shown  In  Flgura  1.  IIP 
roaeta  slightly  with  braaa  bat  aoon  aurfaca  fluorldat  ara  formd  which 
pravant  furthar  raactlon.  « 

This  azparlmnt  ms  dona  In  oooparatlon  with  L.  Eldrath  (6)  who 
had  originally  plannad  to  axamlna  tha  tanparatura  dapandanoa  of  tha  ilna 
shapa  paraaatara  (oq  and  A^>.  Slnoa  taaparatuias  bayond  tha  mltlng 
point  of  taflon  would  naeassarlly  ba  raqulrad,  It  waa  dacldad  that  mtal 
0  rings  would  ba  usad  to  obtain  a  saal  batman  warlous  coaponants  of 
tha  call.  Thaaa  0  rings  mra  of  stalnlass  stool  tubing  0.094  Inehas  In 
dlaaatar  with  0.006  Inch  mils.  Thay  mra  prassura  f Iliad  and  mra 
platad  with  0.002  Inchas  of  gold.  An  affactlm  saal  could  not  ba  ob- 
talnsd,  and  this  part  of  tha  axparimnt  ms  abandonad.  TOflon  gaskats 
mra  than  usad,  and  an  affactlm  saal  obtalnad. 

Sapphlrs  call  wlndom  mra  usad  In  this  axpariaant  sines  thay 
transmit  aost  of  tha  2.5^  radiation  without  tha  appaaranca  of  "window 
bands"  and  slnca  thay  rsslst  HP  corrosion  sufflclantly  mil  at  aodorata 
prossuras. 

Tha  call  ms  aountad  on  a  salsyn-drlmn  rack  and  pinion  which 
allomd  tha  call  to  ba  ralsad  from  or  lomrad  into  tha  Infrarad  baaa 
froa  outs Ida  the  spoctroaatar  tank. 
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Sapphire  Window 


An  identical  holder  screwa  to  the  other  end  of  the  Cflinder. 


Figure  1.  The  window  holder  for  the  9.78  ce  cell. 
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III.  PBSS8DBB  AX>  TIMFIBAIDSB  MUSimiBinrS 

RfdrogiB  flttorld*  MS  Introduoad  Into  th*  etll  at  prepar  praa> 
■uraa  bp  ualng  tha  gaa  handling  apatan  daaerlbad  bp  Hargat  at  al.  (3). 
Tba  apata«  la  eonatraetad  of  aonal,  nlekal,  and  atalnlaaa  ataal.  Sobm 
of  tba  aora  laportant  plaoaa  of  aqulpaant  arat 

A  Taplor  Dlffarantlal  Praaaura  Trananlttar  uhleh  aeeuratalp 
iMaaaraa  up  to  128  on  praaaura, 

A  Bourdon  gauga,  aqulppad  with  a  aonal  Bourdon  tuba,  uaad  for 
rough  BMaauraaMnta ,  uauallp  aboaa  128  ea  praaaura,  and 

A  Haatlnga  tharaoeoupla  gauga  uaad  to  aaaaura  wacuai. 

▼aeuuB  In  tha  apaetroaatar  tank  waa  aaaaurad  bp  ualng  a  Haatlnp 
thanraeoupla  pup  and  a  Bourdon  wacuua  pup,  tha  Taeuna  pup  baing 
uaad  for  initial  rough  aaaauraaanta . 

Tha  taaparatura  of  tha  aaapla  call  waa  aalntalnad  bp  a  calrod 
haatlng  alaaant  wrappad  around  tha  call  and  eonnaetad  to  a  rarlae 
loeatad  outalda  tha  tank.  Tba  aanlfold  and  tha  gaa  handling  apatan 
oowponanta  wara  haatad  with  atrip  haatara  and  aabaatoa-coaarad  haatlng 
wlra.  Tha  taaparatura  of  tha  call  waa  aaaaurad  with  a  Laada  and  Horthup 
tharaoooupla-potantloawtar  apataa.  Tba  tharaoeoupla  wlra  waa  Iron- 
eonatantan  aatehad  bp  Laada  and  Horthup  to  t  0.02*C.  Tha  axparlaant 
ahowlng  that  aaaaurlng  tha  taaparatura  of  tha  outalda  aurfaea  of  tha 
call  pwa  an  aeeurata  aMaauraaant  of  tha  taaparatura  of  tha  pa  In  tha 
call  whan  tha  call  waa  In  a  wacuua  waa  daaerlbad  bp  Bldrath  (d). 


IT.  nrtlRPUTATIOH  OF  THB  DATA 


Tha  axparlMiital  raaalta  of  tha  invaatlfatlon  of  tha  infrarad 
raglon  of  hydrogin  flnorlda  ara  in  tha  font  of  eurvaa  drawn  by  tha 
•aehina  on  chart  papar.  Tha  following  itawa  ara  raad  frew  tha  chart 
paper  and  ara  nacaaaary  in  tha  datamination  of  tha  raaultat 

Zaro  Lina  -  Tha  poaition  on  tha  chart  papar  corraaponding  to 
aaro  par  cant  tranawiaaion  or  100  par  cant  abaorption, 

Baaa  Lina  >  Tha  poaition  on  tha  chart  papar  corraaponding  to 
100  par  cant  tranamiaaion  or  aaro  par  cant  abaorption,  and 

Lino  Value  -  Tha  poaition  on  tha  chart  papar  of  tha  curwa  drawn 
during  tha  axparlaMnt. 

Tha^  valuaa  ara  illuatratad  in  Figure  2.  The  line  walua  waa  raad 
directly  frow  tha  chart  paper  at  equal,  avail  intarvala,  iMaanrad  along 
tha  chart. 

Tha  zaro  line  waa  obtained  by  recording  tha  walua  of  tha  line 
value  near  line  canter  at  high  praaauraa,  where  the  abaorption  waa 
aaaantially  100  par  cant.  It  waa  obaarvad  that  thia  value  waa  a  con- 
atant.  Tha  baaa  line  waa  datarwinad  by  acanning  tha  portion  of  tha 
apactral  ragiona  to  ba  invaatigatad  with  no  HF  in  tha  aaapla  call.  Tha 
raaulting  curve  ia  tha  zaro  par  cant  abaorption  curve  and  waa  found  to 
be  a  atraight  lina.  Conaaquantly,  only  a  reading  at  tha  beginning  and 
and  of  tha  apactral  region  waa  raquirad.  A  aivpla  calculation,  per* 
foraad  by  tha  covputar,  gave  tha  value  of  tha  baaa  lina  for  each  inter- 
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Sptetral  liMt  MMutvd  at  low  protourot  roqulro  a  eorraetioa 
for  Inatnaantal  broadaalng.  Tha  eorraetioa  la  eallad  "allt  funetlon 
eorraetioa"  aad  hat  boaa  daaerlbod  bp  Harfit  at  al.  (3).  Slaea  thara 
was  a  poaalbllltp  that  a  allt  fuaetloa  might  ba  raqulrad,  Dr.  H.  M. 

Oallar  aad  Mr.  Taa  MeCemba.  of  Tha  Dalaaraltp  of  Tannoaaaa,  lawrota 
tha  allt  faaetloa  eompatar  program  la  ordar  that  It  map  ba  uaad  la 
PQRTBAH  II  prograaalag.  Tha  apaetral  llaaa  obaarvad  la  thla  work  ra¬ 
qulrad  ao  allt  eorraetioa  aadthoa  tha  program  waa  aot  uaad. 

Tha  mathod  for  datarmlalag  tha  valua  of  | )?  -  V^o|  waa  oaa  la  whleh 
tha  ehart  papar  waa  uaad  aa  a  "rular".  Tha  mathod.  aloag  with  tha  da- 
tarmlaatloB  of  Ita  aeeuraep,  la  daaerlbod  aa  followa.  Tha  em*^  dlf- 
faraaea  batwaan  two  eoaaaeutlva  HP  llaaa  waa  dlwldad  bp  tha  aumbar  of 
ehart  ualta  aaparatlag  thaw.  Thla  gava  a  walua  of  cm**^  par  ehart  ualt, 
amaragid  ovar  tha  latanral.  Tha  aumbar  of  cm**^  par  chart  unit  waa  uaad 
to  find  tha  valua  of  aavaral  dlatanoaa  from  llna  cantor  In  cb~^.  Thla 
waa  dona  bp  counting  tha  numbar  of  chart  unlta  and  than  multipiping  bp 
tha  aumbar  of  cm**^  par  chart  unit.  Thaaa  dlatanoaa  from  llna  oantar 
ware  alao  found  bp  ualng  tha  formula 

''  a  In  0 

whara  K  la  tha  grating  eonatant  and  9  la  tha  dlatanoa  from  eantral 
imagi.  In  tha  apaetral  raglon  eovarad  la  thla  axparimant,  tha  dlffaroaoa 
batwaan  tha  two  mothoda  waa  found  to  ba  laaa  than  tha  aeeuraep  of  maaaura- 
mant.  Thua  It  waa  datamlaad  that  tha  mathod  of  ualng  ehart  ualta  waa 
aultabla . 


i 
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V.  0VBEUPPIII6  OP  SPBCTSAL  LINES 

Th«  eontrlbatloM  of  adjaoont  tpoetral  linoa  to  tho  par  eont 
abtorptlon  of  a  apaetral  lina  uara  datarmlnad  ualng  tha  following  «athod. 
Tha  valua  of  tha  abaorption  eoafflelant,  a,  of  adjaoant  llnaa  In  tha 
apaetral  raglon  axaailnad  waa  found  by  uaa  of  tha  Loranta  axpraaalon 

ao  (A 

*  “  Vo)’'  ♦  (A 

whara  oo  1>  tha  saxintaB  walua  of  tha  abaorption  eoafflelant  and  la  aanaarad 
at  llna  oantar  (  and  tha  quantity  A  la  tha  Loranta  half -width  of 
tha  apaetral  llna  and  la  aqual  to  Biaaaurad  whara  a  la  aqual  to 

ona-half  oq.  Tha  raluaa  of  oto,  and  aV^  wara  thoaa  datarmlnad  by 
Hargat  at  al.  (3).  For  thla  datamlnatlon,  tha  valua  of  >1  waa  takan  to 
ba  1.8.  A  alight  variation  of  thla  valua  did  not  appraelably  ehanga  tha 
alaa  of  tha  eorraetlon.  Tha  eontrlbutlon  of  tha  abaorption  eoafflelanta 
of  adjaoant  llnaa  waa  found  to  ba  naarly  a  atralght  llna  In  tha  daalrad 
apaetral  ranga  and  thua  only  the  valua  of  the  and  polnta  were  naoaaaary. 

VI.  COMPUTER  PROGRAM 

Tha  R  (4)  llna  of  hydrogen  fluoride  obaarved  at  low  praaauraa 
aoBMtiaw  raqulraa  a  allt  correction,  depending  on  tho  praaauro.  Aa  a 
raault,  tha  author  baeama  familiar  with  eomputar  programming.  Aa  a 
direct  raault  of  being  familiar  with  prograiaalag,  It  waa  apparent  that 
all  tha  data  obtained  oould  ba  procaaaad  from  atart  to  flnlah  entirely 
by  tha  eomputar.  A  program  waa  wrlttan  for  thla  purpoaa  and  la  ahown 
In  Appendix  A.  Tha  rafaranca  In  tha  program  to  "allt  correction  made" 


t 
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U  tbt  slit  eornetlon  prosm  d«v*lop*d  by  Dr.  R.  M.  Gallar  and  Mr. 

Van  MoCoaba  of  Tha  Unlvaralty  of  Tbnnaaaaa.  Variona  awltchaa  aro  arall- 
abla  on  tha  IBM  1620  Conputar  that  allow  tha  oparator  to  Includa  or  ax- 
elnda  oartain  parta  of  a  conputar  program.  If  tha  data  ara  flrat  pro- 
oaaaad  by  tha  alit  eorraetlon  program,  tha  raaulta  ara  uaad  in  tha  pro- 
oaaaing  program  with  awiteh  1  on.  If  tha  alit  eorraetlon  la  not  naoaa- 
aary,  aa  waa  tha  eaaa  In  all  tha  curvaa  Invaatlgatad,  tha  data  ara  fad 
dlraetly  Into  tha  proeaaalng  program  with  awltch  1  In  tha  off  poaltlon. 
Tha  conputar  languaga  damanda  that  data  ha  Idantlflad  to  tha  conputar 
by  coda  nanaa.  For  thla  program,  tha  raqulrad  Input  data,  along  with 
thalr  conputar  namaa,  warm  aa  followat 
Valuaa  of  tha  baaa  llna 
End  polnta  of  tha  zaro  llna 


TOP 

BASBA  and  BASBB 


End  polnta  of  tha  a  eorraetlon  for 
adjacent  llnaa 


ALFA  and  ALPB 

ALPO 

P 

PL 

N 


Value  of  oo 
Praaaura 

Path  length  of  tha  call 
Hunbar  of  valuaa  of  the  llna  valua 
Tha  apaetral  linaa  ware  drawn  on  tha  chart  paper  In  auch  a  manner  that 
tha  direction  toward  tha  right  waa  tha  direction  of  Ineraaaing  angle 
from  oantral  imagi.  Tha  valuaa  of  BASEA  and  ALFA  ware  taken  on  tha 
left-hand  aide  of  tha  curve  and  tha  valuaa  of  BASEB  and  ALPB  warn  taken 
on  tha  right-hand  aide  of  the  curve.  Tha  proeaaalng  program  provided 
the  following  Infonationi 
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1)  p«r  o«nt  absorption  (not  eorraeto4  for  adjaosnt  lints) 

2)  absorption  eoaffieiant,  a  (eorroetad  for  adjaosnt  linos) 

3)  sqnara  root  of  ((oo  -  a)/a) 

4)  In  ((oq  -  a)/a) 

XtOB  3  is  plottad  against  tbs  chart  units  and  dstarvinss  tha  lino  esntsr 
(Fifurs  3).  Itan  4  is  plottad  against  tbs  logsrittan  of  tbs  diatanos 
from  lino  otntar,  In  |  |>  and  tha  slops  of  tha  rosnltlng  linn  it 

tha  valua  (Figure  4).  table  I  is  tha  yaluas  of  items  1,  2,  3,  and  4 
computed  for  the  pressure  used  in  Figures  3  and  4. 


Fiffir*  3.  Bxrapl*  of  tho  Mthod  of  dotoralning  lino  oontor 
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TABLE  1 

PER  CENT  ABSORPTIOH.  ABSORPTICM  COEFFICIEMT ,  AMSA,  AMD  AMSB  FOR  27.0  CM 

OP  PRESSURE 


Pat  Cant 
Absorption 

Absorption 
Coaf f ieiant 

AI^ 

AMSB 

Par  Cant 
Abaorptien 

Absorpt ion 
Coa££  ieiant 

AMSA 

AMSB 

21.4 

.023 

28.4 

6.69 

100.0 

.469 

6.2 

3.66 

22.4 

.024 

27.6 

6.64 

100.0 

.469 

6.2 

3.66 

23.6 

.026 

26.8 

6.58 

100.0 

.469 

6.2 

3.66 

24.5 

.027 

26.1 

6.53 

100.0 

.469 

6.2 

3.66 

26.1 

.029 

25.2 

6.45 

100.0 

.469 

6.2 

3.66 

27.8 

.032 

24.2 

6.38 

100.0 

.469 

6.2 

3,66 

29.3 

.034 

23.4 

6.31 

99.6 

.469 

6.2 

3.66 

30.8 

.036 

22.7 

6.24 

98.7 

.445 

6.4 

3.72 

32.5 

.039 

21.9 

6.18 

96.4 

.337 

7.4 

4.00 

34.4 

.042 

21.2 

6.10 

93.3 

.274 

8.2 

4.21 

36.3 

.045 

20.4 

6.03 

89.8 

.232 

8.9 

4.38 

38.4 

.048 

19.7 

5.96 

85.9 

.199 

9.6 

4.53 

40.6 

.052 

19.0 

5.89 

81.9 

.173 

10.3 

4.67 

42.9 

.056 

18.3 

5.81 

77.9 

.153 

11.0 

4.80 

45.7 

.061 

17.5 

5.72 

73.4 

.134 

11.8 

4.93 

48.5 

.066 

16.8 

5.64 

69.4 

.119 

12.5 

5.05 

51.6 

.073 

16.0 

5.55 

65.1 

.106 

13.2 

5.17 

55.0 

.080 

15.2 

5.45 

61.2 

.095 

14.0 

5.27 

58.5 

.088 

14.5 

5.35 

57.4 

.086 

14.8 

5.38 

62.6 

.099 

13.7 

5.24 

53.6 

.077 

15.6 

5.49 

67.0 

.112 

12.9 

5.11 

50.1 

.070 

16.4 

5.59 

71.8 

.128 

12.1 

4.98 

46.9 

.063 

17.2 

5.69 

76.2 

.145 

11.3 

4.85 

43.7 

.057 

18.1 

5.79 

80.5 

.166 

10.6 

4.72 

40.9 

.052 

18.9 

5.88 

85.0 

.192 

9.8 

4.57 

38.6 

.048 

19.6 

5.95 

89.6 

.230 

9.0 

4.39 

36.6 

.045 

20.4 

6.03 

93.2 

.273 

8.2 

4.21 

34.7 

.042 

21.1 

6.10 

96.2 

.334 

7.4 

4.01 

32.9 

.039 

21.8 

6.16 

98.2 

.410 

6.7 

3.80 

31.6 

.037 

22.4 

6.22 

99.3 

.469 

6.2 

3.66 

30.2 

.035 

23.0 

6.27 

100.0 

.469 

6.2 

3.66 

28.9 

.033 

23.7 

6.33 

100.0 

.469 

6.2 

3.66 

27.5 

.031 

24.4 

6.39 

100.0 

.469 

6.2 

3.66 

26.3 

.030 

25.1 

6.45 

100.0 

.469 

6.2 

3.66 

25.1 

.028 

25.8 

6.50 

100.0 

.469 

6.2 

3.66 

24.1 

.027 

26.5 

6.55 

100.0 

.469 

6.2 

3.66 

23.1 

.025 

27.2 

6.60 

100.0 

.469 

6.2 

3.66 

22.1 

.024 

27.9 

6.66 

CHAPTCR  III 


RESULTS  AND  CONCLUSIONS 


I.  EXPERIMENTAL  RESULTS 


The  IBM  1620  oomputar  at  Tha  Unlvaraltf  of  Ttnnaaaaa  Coaputlng 
Oantar  waa  usad  to  parfon  all  tha  caloulatlont  raqulrad  in  thia  work. 
Tha  valtiaa,  for  aach  curva.  of  TOP.  BASEA,  BASEB,  ALPA,  ALPS,  ALPO,  P, 
PL.  and  N.  daacrlbad  in  tha  Coaputar  Prograa  aactlon  of  Chaptar  II, 
wara  fad  into  tha  coaputar  along  with  tha  Coaputar  Program  liatad  in 
Appandix  A.  Tha  coaputar  calculatad  tha  following  for  aach  point  on 
tha  curve. 


1)  Par  Cant  Abaorption  (ABS) 


Diatanca  froa  baaa  lina  to  lina  valua  x  100 
olatanoa  iron  ^aaa  line  to  aaro  lina 


2)  Abaorption  Coofficiant 

3)  ANSA  »  y 


0~’ln  (1  -^) 
Path  Length 


4)  ANSB  ■  In  ^  ~ °  J 

Tha  valuoa  of  tha  par  cant  abaorption  of  the  apactral  line  R  (4) 
for  each  praaauta  ara  liatad  in  Appandix  B.  Tha  valuaa  of  tha  par  cant 
abaorption  ara  taken  one  chart  unit  or  0.09567  cn~^  apart.  Tha  lina 
oantar  for  aach  curve  waa  found  bjr  plotting  ANSA  aa  a  function  of  chart 
unita.  The  intercept  of  tha  atraight  lina  drawn  through  thaaa  pointa 
ia  tha  lina  oantar.  Figura  3  ia  a  typical  axanpla  of  tha  daacribad  mathed. 
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Tha  valu*  from  tha  Loranta  fonaula  Cor  tha  abaorptlon  coaC- 


Cieiant 


Op  (AV^)^ 


tna  datamlnad  in  tha  Collowlnf  aannar.  Tha  eorraspondanoa  hatwaan 
chart  units  and  distanoa  Crou  lina  oantar  (in  cb~^)  was  calculatad. 

Tha  ralua  oC  In  |/-  |  was  calculatad  Cor  aach  point,  and  a  plot  oC 

ANSB  as  a  Cunction  oC  In  was  nada  Cor  aach  curva .  A  hast 

straight  lina  was  Cittad  to  aach  curva  and  tha  slopa  oC  aach  lina  cal¬ 
culatad.  Hota  that  tha  curvas  ara  not  naoassariljr  straight  linas  at 
aithar  and.  Tha  rsason  is  that  avail  arrors  in  tha  ragions  graatar 
than  80  par  cant  and  lass  than  20  par  cant  absorption  baeova  largs 
arrors  in  tha  valuas  oC  ARSB.  As  a  rasult,  tha  curvas  daviata  Crow 
tha  straight  lina  in  thasa  ragions.  Tha  plot  oC  ANSB  as  a  Cunction 
oC  In  V^l  is  shown  in  Figura  4.  Tha  valua  oC  tbs  slopa  oC  tha 
lina  is  tha  value  >1  ,  tha  coaCCicient  in  tha  Lorantz  Corvula.  Finally 
a  plot  o£  as  a  Cunction  ot  (f  V ,  tha  halC-absorption  halC-width,  is 
illttstratad  in  Figura  5. 

The  plot  oC  ANSB  as  a  Cunction  oC  In  also  yields  in- 

Corvation  about  tha  Lorantz  halC-width  (A)f^).  Tha  intercept  oC  tha 
straight  line  with  tha  line  drawn  through  In  |)i^-  Vo  |  ^  gives  tha 

valua  corresponding  to  -2  In  (A(^>.  Figura  6  is  a  graph  oC  tha  valua 
oC  A  as  a  Cunction  oC  praasura. 
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II.  CONCLnSIOHS 

Htrgit  rt  al.  (3)  found  that  tba  Lorants  axpraaalon  for  tha  ahapa 
of  a  praaaura  broadanad  cunra  flttad  tha  trua  llna  ahapa  qnlta  wall  if 
tha  pomr  of  tha  dlatanoa  froa  llna  eantar  naa  alloMad  to  vary.  Ha 
found  that  tha  Loranta  axponant,  appaarad  to  dapand  on  tha  half- 
abaorption  half -width.  /  Ra  alao  found  that  waa  dapandant  on  tha 
dlatanoa  froa  llna  oantar,  1 V^o|.  Hla  datamlnatlona  wara  baaad  on 
avaluatlona  of  Mny  llnaa  at  praaauma  of  5  cm,  50  ca.  1  ata,  and  5 
•ta. 

Thla  work  waa  parforaad  on  ona  apactral  llna,  R  (4),  for  aany 
praaauraa.  Proa  tha  raanlta  obtalnad.  It  aay  ba  ooncludad  that  tha 
Loranta  axponant  la  a  function  of  tha  dlatanoa  froa  llna  oantar.  It 
auat  ba  pointed  out  that  Hargat  waa  corract  In  hla  conclualon  that  tha 
dapandaney  appaara  to  ba  on  tha  half-abaorptlon  ha If -width, cTI^.  The 
oonnactlon  batwaan  <f'?  and  |/-  |  la  that  la  naaaumd  ovar  a  vary 

ahort  ranga  of  |  which  oantara  about  In  thla  vary  aaall 

region,  appaara  to  ba  a  eonatant  and  thua  appaara  to  ba  dapandant 
upon  ,  Tha  valuaa  of  Yl  for  varloua  praaauraa  and  eorraapondlng 
</’|i^'a  are  llatad  In  Tabla  II  and  are  accurate  to  t  .03.  Thla  value 
of  accuracy  waa  obtalnad  by  evaluating  tha  naximna  and  alnlaum  a  lope  of 
tha  curvaa .  ' 

Tha  graph  of  ^  plotted  aa  a  function  ot  la  ahown  In  Figure  5. 
In  addition  to  ahowlng  tba  polnta  obtalnad  In  thla  work,  tha  figure  alao 
ahowa  the  raaulta  obtalnad  by  Hargat.  Both  raaulta  agree  lanarkably 
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TABU  II 

LOSBNTZ  KXPONBNT  FOR  VARIOUS  PSBSSUSBS  OF  HYDROCBN  FLUORIDE 


Preature 

(ob) 

Lorantz  Exponent 

U) 

10.0 

0.65 

2.00 

15.0 

1.17 

2.00 

20.0 

1.73 

2.00 

27.0 

2.01 

2.00 

30.0 

2.40 

1.97 

32.5 

2.55 

1.94 

35.0 

2.75 

1.92 

37.5 

2.92 

1.88 

40.0 

3.30 

1.84 

42.5 

3.35 

1.81 

45.0 

3.50 

1.82 

25 

well  In  both  tho  rnngi  ot  variation  of  )(  and  in  tha  slopa  of  tha  raanlt- 
Ing  curva.  Tha  fact  that  thara  la  agraaaant  whan  ona  obaarvaa  many  llnaa 
at  faw  praaauraa  (Hargat'a  points)  and  whan  ona  obaarvaa  ona  llna  for 
nany  praaauraa  strongly  Indlcatas  that  tha  dapandanea  axlata  In  tha  ranga 
shown.  In  addition,  tha  fact  that  changing  nany  paraaatara  yialda  tho 
Sana  rasults  strongly  Indlcataa  that  tha  dapandanea  la  on  tha  dlstanoa 
from  llna  cantar. 


CHAPTBR  IV 


S1MURY  AHD  SUOGBSTIGNS  F(»  FOTORB  WORK 

I.  SUtMARY 

Th«  aia  of  this  Invostlgation  was  to  datanina  axpariaMntally 
tha  valua  of  tha  Lorantz  axponant.  y(,  for  various  half-absorption  half¬ 
widths  of  tha  R  (4)  spaetral  lina  in  tha  hydrogin  fluorida  fundaswntal 
band. 

All  data  usra  takan  on  tha  high  rasolution  vacuum-grating  spac- 
tromatar  at  Tha  Onivarsity  of  Tsnnassaa.  Tha  R  (5)  lina  of  tha  first 
ovartona  of  CO  was  usad  to  datanina  a  slit  oorraetion  function  but 
was  not  usad  by  tha  author. 

Tha  lina  shapas  of  R  (4)  wsra  takan  for  various  prassuras,  and 
a  datanination  of  tha  Lorantz  axponant  was  mada  for  aach  lina.  Tha 
axponant  was  found  to  be  a  function  of  tha  distance  from  lina  canter 
and  was  found  to  vary  in  the  range  observed  by  Hsrgst  at  (3). 

11.  SUGGESTIONS  FOR  FUTURE  WORK 

1.  Tha  dapandanoa  of  the  Lorantz  axponant  upon  tha  half¬ 
absorption  half -width  should  be  msasurad  for  other  spectral  lines  in 
the  fundamental  band. 

2.  Tha  tamparatura  dapandanoa  of  tha  Lorantz  parameters  should 
ba  msasurad. 
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3.  The  slit  correction  function  ehould  be  teeted  on  eeverel 


■pectrel  lines  for  verlous  low  pressures 
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APPBMDIXBS 


u  u  u  u 


APPENDIX  A 


COMPDTBR  PROGRAM 


C  HARDT  ALPHA  PROGRAM 

SVl  ON  .SLIT  CCXtRECnrai  MADE 
500  IF  (SENSE  SWITCH  1)  400.300 

DIMENSION  CTKV(150) 

DItfiNSIOM  ABS(150) 

400  READ  70.  ND.P.PL.N.IEST 

70  FORMAT  (14.F12.5,F12.5.14.F12.5) 

PT»CH  70.ND.P.PL.N.TEST 

DO  10  1>1.N 

READ  21.  J.ABS(l) 

21  FQeMAT(14.F14.6) 

10  CONTINUE 

UAD22 .  ALPA  .ALPB  .ALPO 

22  FCSMAT  (F10.5.F10.5.F10.3) 

ANi« 

XC>(ALPB^LPA)/(AN-1 . ) 

GO  TO  401 

END  OF  CORRECTED  INPUT 
START  OF  NON-CORRECnCED  INPUT 

300  READ  2.ND.T0P.BASEA, BASES, ALPA, ALPB, ALPO, P, PL, N 

2  FOTMAT  <13,F5.2,F5.2,F3.2,F7.5,F7.5,F7.3,F6.2,F5.2,13) 

READ  3,(CURF(1>,1«1,N) 

3  FORMAT  (7F10.2) 

AH>N 

XA*(BASEB-BASEA)/(AN-1 . ) 

XC>(ALPB-ALPA)/(AN-1 . ) 

PUNCH  73,NP,P,PL,N 
73  FORMAT  <13,F10.2,F10.2, 15) 

401  CONTINUE 
DO  4  1«1,N 

IF  (SENSE  SWITCH  1)  402,301 

301  DIFF-CURF(1)-BASEA 
TOTVTOP-BASEA 
BASEAbBASEA<»XA 

ABS( I )»(DIFF/rOT )*1 00 . 

402  COHTINUS 
Q2^S(I)/100. 

IF(Q2..99)12,12,13 

13  Q1-.99 

GO  TO  15 
12  Q1-Q2 


31 


32 


15 


26 


ALP-0  .-L0®(  1  .-Ql  )/PL 
ALP-ALP^LPA 
ALPA-ALPA>»XC 
IF  (ALPA^LP)27,27,26 
ANSA>SQSTF(  (ALPA-ALP  )  /ALP  ) 

AMSB -LO(aP(  ( ALPO-ALP  ) /ALP  > 

27  POUCH  8.1.ABS(l>.ALP,ANSA,AlfSB 
8  P0BMAT(13,AX,P10.2,4X,P10.4,WC,P10.4,4X,P10.4) 

4  CONTINUE 

PAUSE 
GO  TO  500 

end' 


APFBMDIX  B 


TABU  III 

FBR  CBMT  ABSORPTION  FOR  R  (4)  SPECTRAL  LINES  MEASURED  AT  lOO'C 

IN  THE  9.78  CM  CELL 


Prastur*  and  Par  Cant  Absorption 

Valua  ot  >?  0.09367  an~^  Intarvals 


10.0  CB 

2.00 


15.0  cm 

2.00 


8.99 

24.60 

99.84 

34.70 

9.46 

27.12 

100.00 

31.07 

10.09 

29.81 

100.00 

28.70 

10.41 

32.96 

100.00 

25.70 

10.88 

36.90 

99.84 

23.50 

11.51 

41.79 

99.84 

21.60 

11.98 

46.68 

97.79 

20.18 

12.30 

52.36 

94.16 

•  18.76 

12.77 

59.46 

88.64 

17.35 

13.24 

66.71 

80.75 

16.08 

13.72 

73.97 

73.65 

14.82 

14.35 

82.17 

66.08 

14.03 

15.61 

88.64 

58.99 

12.61 

17.19 

94.00 

52.68 

11.82 

18.61 

97.00 

46.84 

11.04 

20.34 

98.58 

41.95 

10.56 

22.39 

99.52 

38.32 

20.37 

56.46 

100.00 

56.88 

21.60 

60.49 

100.00 

53.11 

22.82 

64.99 

100.00 

49.49 

24.20 

69.65 

100.00 

46.35 

25.57 

74.31 

100.00 

43.51 

26.80 

79.14 

100.00 

40.83 

28.33 

83.80 

98.90 

38.46 

29.71 

88.31 

97.02 

36.25 

31.40 

92.05 

94.52 

34.03 

33.25 

94.85 

91.55 

31.98 

35.41 

97.35 

87.94 

30.23 

37.72 

99.22 

83.71 

28.33 

40.20 

100.00 

79.01 

26.59 

43.13 

100.00 

74.31 

25.31 

46.23 

100.00 

69.60 

23.88 

49.48 

100.00 

65.05 

22.60 

53.05 

100.00 

60.81 

21.33 

33 


Praaaur*  and 
Valna  of  K 

20.0  a  26.57 

2.00  27.59 

28.77 

29.79 

30.81 
31.84 
33.02 
34.04 

35.52 
37.00 

38.79 
40.27 
42.06 
43.99 

45.78 
48.03 
50.12 
52.22 

27.0  cm  21.40 

2.00  22.39 

23.55 
24.54 
26.07 
27.77 
29.29 

30.82 

32.53 
34.42 
36.31 
38.38 
40.63 
42.89 
45.68 
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TABU  III  (CONTimSD) 


Par  Cant  Absorption 
0.09567  aa~^  Intarvala 


54.62 

99.39 

99.53 

50.35 

57.02 

100.00 

97.85 

48.01 

59.58 

100.00 

96.46 

45.97 

62.29 

100.00 

94.62 

43.94 

65.30 

100.00 

92.15 

41.90 

68.62 

100.00 

89.38 

39.86 

71.64 

100.00 

86.30 

38.13 

74.82 

100.00 

83.21 

36.55 

78.45 

100.00 

79.66 

34.98 

81.93 

100.00 

76.27 

33.40 

85.26 

100.00 

73.02 

31.82 

88.14 

100.00 

69.46 

30.54 

91.03 

100.00 

66.36 

29.27 

93.46 

100.00 

63.57 

28.00 

95.43 

100.00 

60.47 

26.88 

97.10 

100.00 

57.67 

25.91 

98.78 

100.00 

55.03 

24.95 

99.08 

100.00 

52.69 

'  23.98 

48.48 

100.00 

96.35 

40.91 

51.63 

100.00 

93.25 

38.64 

54.97 

100.00 

89.77 

36.56 

58.50 

100.00 

85.93 

34.65 

62.56 

100.00 

81.89 

32.92 

66.99 

100.00 

77.85 

31.57 

71.78 

100.00 

73.43 

30.21 

76.23 

100.00 

69.38 

28.85 

80.50 

100.00 

65.13 

27.48 

84.96 

100.00 

61.24 

26.30 

89.60 

100.00 

57.35 

25.12 

93.18 

100.00 

53.63 

24.12 

96.23 

100.00 

50.09 

23.12 

98.20 

99.63 

46.91 

22.12 

99.28 

98.72 

43.73 

21.12 
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TABU  111  (CGHTIiniBD) 


Prasaur*  and 
¥alna  of  >t 

Par  Cant  Abaorptlon  - 
0.09567  Intarvals 

30.0  cn 

22.70 

49.36 

100.00 

99.53 

47.65 

1.97 

23.53 

52.18 

100.00 

97.99 

45.42 

24,51 

55.30 

100.00 

95.67 

43.50 

25.35 

58.73 

100.00 

92.73 

41.42 

26.48 

62.01 

100.00 

89.94 

39.65 

27.77 

65.46 

100.00 

86.68 

38.03 

28.91 

69.05 

100.00 

83.42 

36.42 

30.35 

72.65 

100.00 

79.84 

34.79 

31.94 

76.26 

100.00 

76.41 

33.17 

33.53 

79.72 

100.00 

72.36 

31.54 

35.27 

83.64 

100.00 

68.45 

29.92 

37.02 

87.57 

100.00 

64.69 

28.44 

38.92 

91.50 

100.00 

61.08 

26.96 

40.82 

95.29 

100.00 

57.47 

25.49 

42.72 

97.72 

100.00 

54.79 

24.01 

44.93 

99.24 

100.00 

52.10 

22.21 

46.99 

99.84 

99.84 

49.88 

20.56 

32.5  m. 

21.89 

47.49 

99.69 

100.00 

51.38 

1.94 

22.58 

50.04 

100.00 

99.34 

48.56 

23.55 

52.74 

100.00 

97.38 

45.90 

24.53 

55.62 

100.00 

95.40 

43.91 

25.37 

58.94 

100.00 

93.24 

41.73 

26.50 

62.29 

100.00 

90.08 

39.88 

27.91 

66.25 

100.00 

87.05 

38.38 

29.33 

70.09 

100.00 

83.83 

36.86 

30.90 

74.25 

100.00 

80.59 

35.33 

32.33 

78.59 

100.00 

77.32 

33.97 

33.92 

82.51 

100.00 

73.85 

32.59 

35.52 

86.91 

100.00 

70.19 

31.57 

37.13 

90.00 

100.00 

66.84 

30.17 

39.03 

93,11 

100.00 

63.11 

28.76 

40.81 

95.49 

100.00 

60.05 

27.33 

43.02 

97.28 

100.00 

57.12 

25.90 

45.11 

98.63 

100.00 

54.18 

24.63 

I 
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TABU  III  (CQHTIiniBD) 


Pntaur*  uid  Par  Cant  Absorption 

Yalna  ot  ij  0.09567  qi~^  Intanrala 


35.0  « 
1.92 


37.5  OB 
1.88 


30.25 
32.04 

33.10 
34.02 
35.09 
36.89 

38.55 

40.36 

42.31 
44.28 
46.54 
48.95 
51.23 
53.65 
56.09 

58.53 

61.41 

64.31 

29.70 

30.43 

31.76 
32.69 

34.41 

35.54 
37.27 
39.00 

39.94 

42.26 

44.20 

46.53 
48.08 

49.62 

51.77 

53.72 

55.47 

57.62 


67.07 

70.13 

73.19 
76.86 

80.10 
83.64 

87.19 
90.75 
94.17 
95.81 

97.60 

99.10 
99.69 

100.00 

100.00 

100.00 

100.00 

100.00 

59.78 

62.34 

64.90 

67.47 

70.04 

73.61 
77.39 

80.58 
83.57 

87.37 
90.77 

92.97 

95.37 

97.38 

97.98 

98.99 

99.59 

100.00 


100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

99.53 

99.07 

97.98 

96.74 

95.34 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 


93.31 

90.97 

88.31 
85.64 

82.49 

79.49 

76.49 

73.31 

70.44 

67.41 
64.52 

61.79 

59.20 
56.77 
54.16 
52.03 

50.21 
48.23 

100.00 

100.00 

99.38 

97.94 

97.12 

95.68 

93.41 
90.93 

87.42 

84.73 

81.42 
78.72 
75.81 

72.68 

69.97 
67.04 

64.11 

61.80 


46.55 
44.72 

43.19 
41.51 

39.97 

38.44 
37.06 

35.67 

34.45 

33.22 

32.31 

31.55 

30.80 
29.88 
28.96 
28.04 

27.11 
26.18 

59.49 

57.48 

55.67 
53.76 
51.85 

49.94 
48.02 
46.09 

44.38 
42.87 

41.56 
40.05 

38.74 

37.22 

35.49 

34.39 
33.28 

32.59 
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TABLE  III  (C(»TINUED) 


Prvssur*  and  Par  Cant  Abaorptlon 

Valua  ot  Tj _ 0.09367  aa~^  Intarvala 


40.0  CB 

1.84 


42.3  m 
1.81 


31.73 

63.83 

100.00 

100.00 

62.60 

32.82 

66.83 

100.00 

100.00 

60.33 

34.06 

69.86 

100.00 

99.40 

37.91 

33.13 

72.87 

100.00 

98.32 

33.93 

36.39 

73.88 

100.00 

96.74 

34.10 

37.49 

78.90 

100.00 

94.81 

32.11 

39.16 

81.92 

100.00 

92.88 

30.37 

40.26 

84.80 

100.00 

90.33 

48.73 

41.63 

87.69 

100.00 

87.97 

47.19 

43.47 

90.29 

100.00 

83.73 

43.80 

43.29 

92.60 

100.00 

83.19 

44.41 

47.26 

94.77 

100.00 

80.63 

43.01 

49.09 

96.66 

100.00 

77,93 

41.76 

31.06 

97.96 

100.00 

73.40 

40.36 

33.33 

98.98 

100.00 

72,83 

38.96 

33.39 

99.83 

100.00 

70.13 

37.70 

38.44 

100.00 

100.00 

67.44 

36.60 

61.14 

100.00 

100.00 

63.02 

33.49 

33.29 

38.82 

97.86 

100.00 

73.31 

34.01 

61.04 

98.68 

100.00 

72.91 

34.90 

63.43 

99.67 

100.00 

70.63 

33.94 

63.98 

100.00 

100.00 

68.39 

36.99 

68.38 

100.00 

100.00 

63.94 

38.36 

70.78 

100.00 

100.00 

'  63.30 

39.41 

73.33 

100.00 

99.49 

61.39 

40.62 

73.92 

100.00 

98.64 

39.10 

41.84 

78.30 

100.00 

97.79 

37.13 

43.38 

81.23 

100.00 

96.27 

33.03 

44.92 

83.68 

100.00 

94.23 

33.07 

46.46 

86.27 

100.00 

92.33 

31.46 

48.01 

88.33 

100.00 

90.13 

49.84 

49.36 

90.83 

100.00 

87.74 

48.37 

31.12 

92.62 

100.00 

83.31 

47.12 

33.00 

94.09 

100.00 

82.93 

43.67 

34.88 

93.36 

100.00 

80.33 

44.39 

36.61 

96.87 

100.00 

77.76 

42.93 

I 


I 

t 

\ 
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TABU  III  (CONTINUBD) 


Pnaaur*  and  Par  Cant  Absorption 

Yalua  of  0.09567  aa"^  Intarvals 


37.10 

65.21 

100.00 

100.00 

73.03 

38.09 

67.68 

100.00 

100.00 

70.70 

39.07 

69.80 

100.00 

100.00 

68.36 

40.59 

72.28 

100.00 

100.00 

66.41 

42.11 

74.77 

100.00 

98.87 

64.06 

43.10 

77.27 

100.00 

97.74 

61.90 

44.10 

79.77 

100.00 

96.79 

59.54 

45.45 

82.28 

100.00 

95.84 

57.75 

47.16 

84.61 

100.00 

94.71 

55.38 

48.70 

87.13 

100.00 

93.00 

53.97 

50.24 

89.65 

100.00 

91.09 

51.98 

51.96 

92.18 

100.00 

89.19 

50.14 

53.69 

94.54 

100.00 

87.28 

48.56 

55.42 

96.54 

100.00 

85.36 

46.94 

57.33 

97.81 

100.00 

83.25 

46.10 

59.07 

99.45 

100.00 

80.75 

45.25 

60.99 

100.00 

100.00 

78.06 

43.62 

62.92 

100.00 

100.00 

75.55 

42.18 

Distribution  List  G-A 


CODE 

ORGANIZATION 

AF-2 

A.  U.  (library) 

Maxwell  AFB,  Alabama 

AF-12 

AWS  (AWSSS/TIPD) 

Scott  AFB.  Illinois 

AF-22 

AFCRL,  OAR  (CRXR,  Mr.  John  Marple) 

L.  G.  Hanscom  Field 

Bedford,  Massachusetts  (U) 

AF-23 

AFCRL.  OAR  (CRXRA)  Stop  39 

L.  G.  Hanscom  Field 

Bedford,  Massachusetts 

AF-26 

AFCRL.  OAR  (CRZH,  C.  N.  Touart) 

L.  G.  Hanscom  Field 

Bedford,  Massachusetts 

AF-28 

BSD  (ESRDG) 

L.  G.  Hanscom  Field 

Bedford,  Massachusetts 

AF-33 

ACIC  (ACDBL-7) 

Second  and  Arsenal 

St.  Louis  18,  Missouri  (U) 

AF-35 

NAFEC  Library  Branch,  Bldg.  3 

Atlantic  City,  New  Jersey 

ATTN:  RD-702 

AF-40 

ASD  (ASAPRO-Dlst) 

Wright-Patterson  AFB,  Ohio 

AF-43 

Institute  of  Technology  Library 

MCU-UB,  Bldg.  125,  Area  B. 

Wright  Patterson  AFB,  (%lo 

AF-48 

Hq.  USAF  (AFCSA,  Secretary) 

Washington  25,  D.C. 

AF-49 

AFOSR  (SRGL) 

Washington  25,  D.C. 

AF-51 

Hq.  USAF  (AFRDR) 

Washington  25,  D.C. 

AF-S8 

ARL  (ARA-2) 

Library  AFL  2292,  Building  450 
Wright-Patterson  APB,  OMo 

AR-7 

Commanding  Officer 

U.S.  Army  Research  k  Development  Laboratory 
Port  Monmouth,  New  Jersey 

AR-13 

Technical  Documents  Ceitter 

Evans  Signal  Labs. ;  Belmar,  New  Jersey 

No.  of  CX>PIBS 


1 

1 

1 

20 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


1 
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CODE 

AR-15 

ORGANIZATION 

No.  of  conss 

Army  Reaearch  Office 
Environmental  Reaearch  Dlviaion 
3045  Columbia  Pike 

Arlington  4,  Virginia 

1 

AR-16 

Office  of  the  Chief  of  Reaearch  ft  Development 
Department  of  die  Army 

The  Pentagon 

Waahington  25,  D.C. 

1 

F-7 

Technical  Information  Office 

European  Office,  A^oapace  Reaearch 

Shell  Building,  47  Canterateen 

Bruaaela,  Belgium  (U) 

1 

F*50 

Defense  Reaearch  Member 
Canadian  Joint  Staff 

2450  Massachusetts  Ave. ,  N.W. 
Washington  8,  D.  C. 

(U) 

2 

G-5 

Librarian,  Boulder  Laboratories 
National  Bureau  of  Standards 
Boulder,  Colorado 

(U) 

1 

G-21 

ASTIA  (TIPAA) 

Arlington  Hall  Station 

Arlington  12,  Virginia 

20 

G-34 

Documents  Expediting  Project  (Unit  X) 

Library  of  Congress 

Washington  25,  D.C.  (U) 

1 

G-37 

NASA 

Attn:  Library,  Code  AFET-LA 
Stop  85 

Washington  25,  D.C. 

1 

G-40 

Library 

National  Bureau  of  Standards 
Washington  25,  D.C. 

(U) 

1 

G‘41 

National  Research  Council 

2101  Constitution  Avenue 
Washington  25,  D.C 

(U) 

1 

G-47 

Office  of  die  Secretary  of 
(DDRftE,  Tech,  library) 
Washington  25,  D.C. 

(U) 

1 

G-49 

Superintendent  of  Documents 
Government  Printing  Office 
Washington  25,  D.C. 

(U) 

1 

G-51 

Science  Advisor 

Department  of  State 

Washington  25,  D.C. 

(U) 

1 

List  G-A,  page  3 
CODE 


ORGANIZATION 


No.  of  (XglBS 


G-52 


G-53 


1-7 


1-8 


1-40 

1-46 


N-6 


N-16 

N-19 


U-1 


U-10 


U-13 


Director  of  Metrological  Research 
U.  \  Weather  Bureau 

Washington  25,  D.C.  1 

Library.  U.S.  Weather  Bureau 

SuiOand,  Maryland  1 

Director,  USAF  Project  RAND 
The  Rand  Corport^tloQ 
1700  Main  Street 
Santa  Monica,  California 


Thru  A.  F.  Liaison  Office  1 

Dr.  William  W.  Kellogg 
Rand  Corporation 
1700  Main  Street 

Santa  Monica,  California  (U)  1 

Institute  of  Aerospace  Sciences,  Inc. 

2  East  64d)  Street 

New  York  21,  New  York  (U)  1 
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exponent  from  tj  =  2  to  tj  =  1 . 83  occurs  in  the  interval  | 

of  2  cm'l  to  3  cm"^  from  line  center.  '  UNCLASSIFIED 


